The influence of sex, body weight, physical condition, age and season on diet choice was investigated by hunting reports and intestinal analyses of 441 lynx Lynx lynx (Linnaeus, 1758) from Norway killed during 1960-1996. Of self-provisioning (> 1 yr) lynx (n = 280), males preyed proportionately more upon cervids (primarily roe deer Capreolus capreolus and semi-domestic reindeer Rangifer tarandus) compared to small game (mountain hare Lepus timidus and tetraonids) than females did. Only 5.4% of the variation in prey preference towards small game and cervids (p = 0.0002) could be explained by sex. In a logistic regression model, no additive effect of weight or any other parameters was found after sex had been included. We did not find sufficient evidence for body weight (sensu stricto) being related to prey choice, but propose that sexually determined prey segregation in lynx is caused by different ranging behaviour resulting in different encounter rates with different kinds of prey.
Introduction
Hunting success and food choice may be two of the most basic factors determining the fitness of carnivores. Large or medium-sized mammalian predators have few or no natural enemies. Hunting efficiency may therefore be an important, perhaps even the most important, fitness component. The long weaning times of offspring (Eisenberg 1982, Bekoff and Daniels 1984) probably also illustrate the importance of hunting efficiency for the highly carnivorous felids. Studies on food habits of mammalian carnivores have revealed that individuals of the same species, but with differences in sex and reproduction status, may prefer prey of different sizes (eg Fritts and Selander 1978 , Erlinge 1979 , Moors 1980 , Litvaitis et al. 1984 , Birks and Dunstone 1985 , Matlack and Evans 1992 , Heggberget and Moseid 1994 , Pulliainen et al. 1995 . The size of predators, a factor which in solitary carnivores is related to sex (males are on average larger than females), may be an alternative determining factor influencing the preferred size of prey. The sexual size dimorphism found in solitary carnivores has even been explained as an evolutionary strategy to reduce intraspeciflc food competition (Dayan et al. 1989 , 1990 , Dayan and Simberloff 1994 . Hunting experience measured by age may be a third key factor affecting prey choice, since the highest recorded mortality among vertebrates is usually found among juveniles, lynx being no exception to that rule (Kvam 1990, Breitenmoser and Haller 1993) .
Studies of gastrointestinal (GI) tracts are important for detecting trends in the feeding ecology of carnivores. They make it possible to distinguish variations in foraging behaviour against variables like sex, body size, general condition and age through a large number of independent observations. However, despite considerable data on the feeding habits of carnivores, studies of sex-specific diets are scarce, probably because of difficulties in obtaining appropriate data. As regards solitary mammalian carnivores, studies on diet related to sex and size have mainly been done on species of the Mustelidae (Erlinge 1979 , Moors 1980 , Birks and Dunstone 1985 , Heggberget and Moseid 1994 . In the Felidae, such studies in solitary species are, as far as we know, restricted to members of the Lynx genus. Studies of prey selection in the Felidae in relation to sex, weight, general condition, season or age and based on Gl-analyses, have been carried out on bobcat Lynx rufus (Fritts and Sealander 1978 , Litvaitis et al. 1984 , Maehr and Brady 1986 , Matlack and Evans 1992 and European lynx Lynx lynx (Linnaeus, 1758) (Birkeland and Myrberget 1980 , Pulliainen 1981 , Pulliainen et al. 1995 . Previous studies have, however, suffered from a weakness: as differences in prey choice have been tested univariately, the effects of complicating factors such as sex and body weight, body weight and general condition, or age and body weight, have not been identified. As a consequence, the question of which factor, sex or body size, is the principal determinant of diet choice, remains largely unanswered.
The purpose of this paper is to investigate whether prey preference of the European lynx is affected by (1) sex, (2) weight, (3) general condition, (4) age or (5) season. The lynx in Norway may serve as a good model for such an analysis of the factors influencing choice of prey, because of the marked sexual size dimorphism and a high average prey weight to predator weight ratio for the most preferred types of prey. There is, moreover, a significant size difference between adult and subadult individuals. We will perform the analysis by feeding all the factors into one multivariate statistical model.
Material and methods
From 1960 to 1980, carcasses of bounty-hunted lynx were sent to the Division for Game Research at the Directorate for Nature Management. From 1988 to 1993, the bounty was replaced by a payment for carcasses donated for scientific use. From 1994 to 1996, all lynx shot or found dead anywhere in the country had to be sent to the Norwegian Institute of Nature Research (NINA). More than 90% of lynx received had been shot, the remaining causes of mortality being car accidents, (illegal) trapping and poisoning (permitted in the 1960s). Because of the timing of the hunting season, the available material was mainly from the late winter.
A total of 1183 lynx carcasses were received from 1960 to 1996. For statistical reasons we selected only one prey item from each specimen for the analysis. Stomach samples were taken during 1960-1966 (n = 157) and 1988-1996 (n = 196) . Specimens from 1967-1987 were registered, but no stomach samples were collected. The data from the first period were described by Birkeland and Myrberget (1980) . We have also investigated the intestines of 9 specimens with empty or missing stomachs, from the period 1990-1995. We started from the lower intestine and took a sample of the first bolus recorded containing identifiable prey remains. The prey items in the Gl-tracts were identified by macroscopic remains like teeth and claws, and by microscopic remnants of hair. Reference collections of hairs from native Norwegian mammals and skins from Norwegian galliform birds were used for comparison.
For carcasses received betweenl960 and 1975, the hunters were questioned about the details of the hunting session. During the period 1966-1975, when stomachs were not investigated, 79 written reports were obtained from hunters who had identified remains of prey found while tracking the lynx prior to shooting it. The reports could be compared with stomach contents in another 46 cases from the period 1960-1966, 43 (93%) of which related to the same animals. This was considered sufficient for us to include the reports in the data set. If the remains of more than one prey were found during tracking, the last prey killed was selected for the analysis.
The weight of skinned carcasses and skinned carcasses with severed legs were standardised to unskinned weight by linear regressions through the origin. The general physical condition of each lynx, based on the amount of subcutaneous fat on the skinned carcass, was coded by an index ranging from 1 (starved) to 5 (very fat). Animals severely weakened by starvation (fat code 1) were excluded from the analyses. Age determination was performed by counting incremental lines in the tooth cementum of the canines (Grue and Jensen 1979, Kvam 1984) . We have adopted the seasonal division employed by Birkeland and Myrberget (1980) , with winter from November through April, and summer from May through October, determined by the average periods of snow cover in Norway.
The lynx were divided into three separate age groups: "juveniles" (< 12 months old), "subadults" (12-24 months old) and "adults" (> 24 months old). The age in months was counted from 1 June of the year the animal was born. When analysing prey preference, we have only considered subadults and adults, which are known to forage on their own. Female lynx normally give birth for the first time at the age of 2 years (Kvam 1991) .
The lynx is an almost obligate predatory species that normally does not forage by scavenging (Haglund 1966, P. Sunde et al. in prep) . In general, items found in the Gl-tracts of self-provisioning lynx can thus be considered as remains of killed prey. Since the diet of lynx in Norway is composed of a very limited number of species (Table 2) , the food items were grouped into two categories: "cervids" and "small game" (mountain hare Lepus timidus and tetraonids). Rodents are considered as unimportant for the nutrition, and carnivores might be killed for other reasons than foraging, for instance due to interspecific carnivore interactions (Palomares et al. 1996) . The "cervid" group is mainly composed of roe deer Capreolus capreolus and semi-domestic reindeer Rangifer tarandus. These two species differ in their regional distribution, the roe deer occurring mainly in the southern half of the country, and semi-domestic reindeer husbandry being widespread in the northern half. The distribution between the sexes of roe deer vs reindeer in the diet was tested for central Norway (defined as the counties of S0r-Tr0ndelag and Nord-Tr0ndelag), where both cervid species are widely distributed.
Lynx populations from different parts of Europe are reported to feed on different categories of prey, ranging from almost 100% hares and other small game to more than 80% ungulates (Jędrzejewski et al. 1993) . Lynx are thus able to survive on small game as well as on ungulates as their primary source of prey. The small game species that is by far the most important, the mountain hare (2.5-5.8 kg -van den Brink 1955), and the smallest ungulate species, the roe deer (= 20 kgvan den Brink 1955), differ in weight by a factor of 4 to 8. The weight of a mountain hare is approximately 1/4 the weight of a medium sized lynx. By comparison, a roe deer or a juvenile reindeer weighs 1-4 times as much as the predator. The two categories, representing a combined total of 93% of the largest prey items measured by frequency, may thus be considered two very distinct categories of prey. The homogeneity in the overall ratio of cervids and small game in the diet of self-provisioning lynx between regions and sampling periods was tested by general log-linear models (Model selection procedure -Norusis 1994). The variables entered were prey type "PR" (cervid or small game), region "RE" [1: southern Norway (all counties south of S0r-Tr0ndelag county), 2: central Norway (The counties of S0r-Trndelag and Nord-Tr0ndelag) and 3: northern Norway (all counties north of Nord-Tr0ndelag county)], and sampling period PE (1960-1966 vs 1988-1996) . Since the sex-ratio may differ somewhat between the regions (Kvam 1990 ), the analyses were conducted separately for each sex. Log-linear models have the advantage that the significance of the interaction terms between three or more factors (here PR, RE and PE) can be computed.
Since virtually only two prey categories were exploited, logistic regression was used with prey category as the dependent variable in the analysis of prey choice. Independent variables were entered by forward selection procedure (Norusis 1994) . The following factors were entered: (1) sex, (2) body weight, (3) general condition index, (4) age, and (5) season. Because the factors of sex and body weight were highly correlated, the analysis was furthermore repeated on each sex separately to resolve any additional effects of body weight not measured in the combined analysis.
The difference between two means was tested by Student's ¿-test. Chi-square statistics were used for tests of association. In 2 x 2 cross-tables we used Yate's continuity correction. The level of significance was < 0.05. All tests were two-tailed.
Results

Weight and condition
Both male and female lynx can be considered as fully grown from the age of 2 years. From that age, no significant increase in body weight with age occurs (Animals > 2 years. Males: r s = 0.135, p = 0.11, n = 142; females: r s = 0.129, p = 0.16, n = 121).
Males are approximately 24% heavier than females in both seasons (Table 1) , and subadults are approximately 10% lighter than adults of the same sex (Table  1) . The resulting body weight distributions of the two sexes overlap extensively (Fig. 1) , with approximately 32% of the body weight variation (R 2 = 0.324, p < 0.0001, n = 240) of independent lynx in the diet analysis (> 1 yr) being explained by sex.
Diet
Eighty-one percent of the stomachs of independent (> 1 yr) lynx, and 75% of the stomachs of juveniles contained prey remains. The cervids were roe deer (137), reindeer (124), elk Alces alces (3) and red deer Cervus elaphus (1), and 32 were unidentified cervids. Small game were mountain hares (87) and tetraonids and other birds (24) ( Table 2 ). In addition, in 13 cases the largest items were carnivores Table 1 . Mean body weight (Wt; in kg) of lynx according to unskinned carcasses, with corresponding standart deviation (SD) and sample size (n). Sexual dimorphism index in percent: DI = 1 -(male Wt/female Wt) x 100%, winter: November-April, summer: May-October, juveniles: < 1 yr, subadults: 1-2 yr, Adults: > 2 yr.
Males
Females A test of homogeneity within each prey category revealed no indication of any association with sex, age group or body weight: males and females from Central Norway foraged equally on reindeer and roe deer (% 2 = 0.00, p = 1.00, n = 54), and males and females all over the country foraged equally on birds and mountain hares (% 2 = 0.18, p = 0.67, n = 76). Neither were there any differences in the cervid-small game ratio between the early and the late sampling period (males: (Fig. 2) . All subgroups of lynx, irrespective of status, foraged more often on cervids than on small game (Fig. 2) . Males generally preferred cervids more than females did (% = 14.13, p = 0.0002, n = 280), but the difference was slight (R 2 = 0.054). The food niche overlap between the sexes, calculated by Pianka's (1973) index, was 0.94. In a logistic regression model, 3.9% of the variation in prey preference could be explained by sex (Table 3) . When all the factors were included in the model, sex was the only significant one for prey preference. An apparent significant effect of body weight disappeared after sex had been entered (Table 3) . When the analysis was repeated for each sex separately, body weight tended to have an additive effect amongst females, but clearly not among males (Table 3) .
Univariate tests of the five factors between food groups revealed very much the same result as the logistic regression model before the factors were applied together: age and season did not seem to have any influence on prey choice (p > 0.9), nor did the general condition index (p > 0.10). 
Discussion
Methods
In a statistical sense, prey choice is clearly independent of the variables sex, age and season. A possible dependency of food choice on body weight and the general condition index is more obscure; because of phenotypic plasticity these two factors may reflect an effect as much as a cause (Holmes and Powell 1994) . Pulliainen et al. (1995) for instance, showed that a lynx population preying solely on small game had a lower average body weight and lower fat deposits than another population with access to white-tailed deer Odocoileus virginianus. We would therefore stress that a possible relationship between weight and condition, and prey choice, does not necessarily reflect a causal relationship. Ideally, studies like this should be performed on animals from the same population, facing the same environmental conditions. The present material has been collected over a span of 1000 km, but the fundamental food niche, measured as the big game/small game ratio in the diet, is the same all over the country. However, since no signs of regional differences in food habit, body weight or general condition have been found, we believe that this material represents animals experiencing similar environmental conditions.
Age and experience
If the two types of prey differed in catchability, we would have expected subadults to handle the most troublesome type less efficiently, which in turn would result in a lower diet frequency. The reason for the total absence of age influence on prey choice may thus either be that both types are equally difficult to catch for an inexperienced hunter, or that subadults are already experienced hunters in late winter after almost a year on their own.
The significance of sex or weight for diet choice
There are few sex-specific investigations of solitary carnivores, but in a number of species of mustelids the larger males have been found to forage on larger prey than females (Erlinge 1979 , Moors 1980 , Birks and Dunstone 1985 , Heggberget and Moseid 1994 . All previous studies where cervids have been part of the lynx or bobcat diet (Fritts and Sealander 1978 , Litvaitis et al. 1984 , Matlack and Evans 1992 , Pulliainen et al. 1995 , have also shown a complete or partial prey size segregation towards males killing a larger proportion of cervids than females. The findings of sexually determined prey size segregation in the diets of carnivores have in general been explained by morphologically constrained differences in optimal prey size: either because of the larger size of the males, which makes them more capable of killing larger prey than females (Fritts and Sealander 1978 , Litvaitis et al. 1984 , Birks and Dunstone 1985 , Matlack and Evans 1992 , Pulliainen et al. 1995 , or as seen among weasels, where the females are able to hunt prey inaccessible to males (Erlinge 1979 , see also the review by King 1989) . However, since all the studies have tested differences in prey choice univariately, a general conclusion about the significance of size for the differentiated prey choice of males and females cannot be drawn.
Two adaptive models have been proposed to explain the evolution of sexual dimorphism of solitary carnivores. One explanation is that sexual size dimorphism in solitary carnivores is maintained by directional selection on different optimal prey size between males and females: the more sexual dimorphism, the less inter-sexual competition (Dayan et al. 1989 , 1990 , Dayan and Simberloff 1994 . Alternatively, sexual dimorphism of carnivorous mammals is explained to be a result of sexual selection on males favouring large individuals in mating situations, whereas females are optimised for raising their offspring by, for instance, being efficient foragers (Erlinge 1979 , Moors 1980 , Pulliainen 1981 , Holmes and Powell 1994 .
Since the first "prey segregation" hypothesis explains the evolution of sexual dimorphism by natural selection on optimal prey size, it predicts predator size to be closely correlated with mean prey size. In contrast, the second sexual selection hypothesis rather interprets sexually determined differences in prey size to be a secondary result of morphological constraints independently of intraspecific competition; hence the intraspecific correlation between predator size and prey size should be less stringent or even absent.
The "niche segregation" hypothesis is supported by the findings that predator size is highly correlated with mean prey size in a number of studies at the interspecific level (eg Rosenzweig 1966 , Kruuk 1982 , Karanth and Sunquist 1995 , but also within species, eg between different populations of mountain lions Felis concolor (Iriarte et al. 1990 ) and stoats Mustela erminea (Erlinge 1987) . At the population level, Litvaitis et al. (1984 Litvaitis et al. ( , 1986 ) claimed a positive relationship between the proportion of deer in the diet and body size of bobcats, independent of sex or age, but nevertheless tested by univariate methods.
The sexual selection hypothesis is supported by data showing that males of solitary carnivores roam disproportionately larger areas than females do, in relation to their body size, a behaviour that cannot be explained by optimal foraging theory alone (Sandell 1989) . The fact that the sexes of solitary carnivores express differentiated behaviour, as eg seen in the area use, may result in different encounter rates with prey due to different movement patterns and/or habitat use.
In our material, sex was the only factor that clearly affected prey choice; males killed slightly more cervids than females. If there were an independent effect of size, we would expect it to have resulted in an increase in the size factor in the logistic model; no such effect appeared. The (nonsignificant) tendency towards a body weight effect on female food choice may, however, indicate that the smallest individuals of the smallest sex may have problems handling the largest prey types. Males, on the other hand, show no signs of any additive effect of body weight. If a difference in weight were the principal determinant for hunting success, we would also expect subadults, which on average are 2 kg lighter than adults, to kill even fewer cervids than fully grown adults. This is clearly not indicated in our material (Fig. 2) . We must therefore conclude that prey choice in lynx in general does not seem to be influenced by the body weight of the predator.
Studies by Jędrzejewski et al. (1993) and Okarma et al. (1995) have shown that lynx do not select roe deer of a certain size or age class, but they do select calves and females when preying upon larger cervids such as reindeer (Haglund 1966) and red deer (Okarma 1984 , Jędrzejewski et al. 1993 . Jędrzejewski et al. (1993) and Okarma et al. (1995) found that in areas where roe deer coexist with larger cervids, roe deer are clearly preferred. If the preference of males for cervids is caused by a greater efficiency at killing large species, we would also expect males to kill proportionately more large ungulate species than females do. In Norway, this should result in a higher proportion of reindeer (winter weight: 50-90 kg) than of roe deer (winter weight: 16-30 kg) in the male diet compared with the female diet. Again, our data do not confirm this. Moreover, it is our experience that the European lynx is physically powerful enough to kill even very large prey. We even have evidence of a starved (radio-collared) juvenile weighing less than 12 kg, regularly killing fully grown reindeer, the largest weighing approximately 65 kg (P. Sunde and T. Kvam, unpubl.) . Thus, small individuals in a lynx population may kill even fully grown individuals of medium-sized cervid species. Haglund (1966) found the attack success in winter to be negatively correlated with prey size. Any possible weight-related skill at hunting larger-size prey may thus just as well reflect the poorer hunting success of the heavier, clumsier males with small game, as a male superiority at killing cervids.
We believe that the most likely explanation for the sexual prey size segregation is that male lynx kill proportionately more cervids due to differences in habitat choice and/or area utilisation. Males of the European lynx range areas of 1-3 times the size of female home ranges (Breitenmoser et al. 1993, P. Sunde et al., in prep.) . When males roam much larger areas and have far longer daily roaming distances than females, this may indicate differences in habitat use and hunting pattern. Locating small game and ungulates may require different behavioural tactics. While walking with juveniles, females may spend more time locally searching for hares, for instance, whereas males may encounter prey along their routes or search out potential prey habitats in their vicinity. A large prey is likely to be easier to detect at a distance than a small one.
Conclusions
On the basis of the information presently available, we do not find sufficient evidence to conclude that body size in itself is the decisive cause of the difference in diet between the sexes. We rather propose that sexually determined differences in prey choice are an effect of differentiated behaviour. Hence, the data also suggest that sexual dimorphism in the Eurasian lynx is not a result of natural selection towards avoidance of intraspecific competition.
However, the results should be corroborated through studies of living animals. By snowtracking individuals identified by telemetry it would be possible to provide evidence about which factor determines prey selection and hunting success. We suggest that the difference in prey preference between sexes can be interpreted in terms of the following hypotheses:
I. The different predation patterns reflect sexual differences in habitat choice and area utilisation, which in turn result in different encounter rates with different types of prey.
II. Differences in prey size in lynx populations are caused by morphological constraints due to differences in body size.
If the segregation can be explained by hypothesis I, the encounter rates of the two types of prey are expected to differ between sexes, and perhaps also between age groups. If it can be explained by hypothesis II, males are expected to have a higher rate of success on encounters with cervids than females, especially on ungulate types that are generally avoided, and females and subadults will have a higher rate of success on encounters with small game.
No studies have so far compared possible sex-related differences on local movements and habitat use patterns by tracking identified, radio-collared individuals over snow. Nor has anybody tested the success rates of attacks by each sex on prey of different sizes. Such studies would also reveal the importance of the experience of juveniles vs subadults and adults, and the effect on the survival rate of juveniles after being abandoned by their mother in late winter. We further recommend future food habit studies to separate the possible effects of implicating variables, mainly sex and size.
